Histone lysine methylation is known to be involved in transcriptional regulation and heterochromatin formaWhen we first identified the Set9 methyltransferase activity, the only methylated lysine residue described in tion. We next turned our attention to understanding how Set9 and H4-K20 methylation might regulate these prohistone H4 was methyl-lysine 20. This suggested Set9 to be a H4-K20 HKMT. Because its methylation status cesses. To determine the influence of H4-K20 methylation on transcriptional regulation, DNA microarrays were was unknown, we first asked whether or not fission yeast H4-K20 was methylated, and Figure 1B Again, the lack of CPT sensitivity is most likely related and leads to a cascade of signaling events. The S phasesubstrates were required, we would expect loss of the specific replication checkpoint responds to replication Set9 enzyme to further increase the sensitivity of the stress and is defined by checkpoint Rad protein and substrate H4-K20 mutant. This is clearly not the case, Mrc1-dependent activation of the Cds1 kinase. Indepenas the double h4.2set9⌬-K20R mutant is no more sensident association of the BRCT domain protein Crb2 and tive to any damaging agent than either single mutant checkpoint Rad proteins at sites of damage is thought ( Figure 3C ). This strongly argues that Set9-dependent to initiate the G2-specific DNA damage checkpoint. Submethylation of histone H4-K20 and not other substrates sequent activation of the Chk1 effector kinase triggers is required to maintain fission yeast cell survival after downstream events leading to delay of the G2-M transi-DNA damage. We next asked if the role of Set9 in DNA tion. High sensitivity to S phase perturbation after acute damage response was unique when compared to other or chronic exposure to HU is a defining phenotype of known SET domain HKMTs. Figure 3D We next sought to delineate the pathway via which 4D, middle panels). This indicates that Set9 functions in a checkpoint Rad protein-dependent pathway but not H4-K20 methylation functions in the DNA damage checkpoint. To this end, the genetic relationship bein the replication checkpoint defined by Mrc1 and Cds1. This is also consistent with the lack of HU sensitivity for tween Set9 and checkpoint proteins was examined by asking if deletion of set9 ϩ altered the IR sensitivity methyl H4-K20-deficient cells (Figure 3) . Because loss of Set9 or H4-K20 methylation impairs of checkpoint mutants. The checkpoint Rad mutants rad3⌬, rad26⌬, rad17⌬, rad9⌬, or hus1⌬ did not exhibit the DNA damage checkpoint that is defined by Crb2-dependent activation of the Chk1 kinase, in some fashincreased sensitivity when combined with set9⌬ ( Figure  4D , top panels, and data not shown). In contrast, double ion, Set9 should genetically function within this pathway. Deletion of crb2 ϩ results in cells moderately more sensimrc1⌬-set9⌬ and cds1⌬-set9⌬ mutants were markedly more IR sensitive than any single mutant alone ( Figure  tive to IR than chk1⌬ mutants (Willson et al., 1997) . lated residues (S129 and S128 of histones H2A.1 and H2A.2, respectively) display a checkpoint maintenance deletion of set9 ϩ either alone or in combination with deletion of chk1 ϩ ( Figure 4D, lower panels) . This indidefect similar to that of H4-K20 methylation-deficient cells, and Crb2 foci are almost completely lacking after cates that Set9 functions in a Crb2-dependent pathway. Interestingly, loss of Set9 did increase the sensitivity of IR. This led us to ask whether or not a defect in H2AX phosphorylation could explain the loss of Crb2 recruitchk1⌬ to a level similar to that of the crb2⌬ mutant ( Figure 4D, lower panels) . Because set9⌬ is epistatic ment to DSBs in set9⌬ cells. Figure 5A shows that IRinduced H2A phosphorylation is not significantly altered with crb2⌬ but not chk1⌬, these data argue that the role of Set9 in the DNA damage checkpoint is to contribute by the absence of Set9 in cells where Crb2 phosphorylation is clearly compromised. This result argues that the to Crb2 function prior to Chk1 activation. pathway via which Set9 facilitates Crb2 localization is independent of H2AX phosphorylation. (Figure 5B) . Further, the double mutant displays a checkpoint defect equivalent to that of the crb2⌬ mutant scribed here represents an evolutionarily early function that has simply yet to be described in higher eukaryotes. (Figure 5C ). These results argue that Set9 function is required prior to Crb2 phosphorylation. To examine the It may be that the heterochromatin role of H4-K20 methylation arose only later in evolution in response to the requirement for Set9 in Crb2 foci formation, live imaging of strains expressing GFP-tagged Crb2 and harboring increasing genome complexity of higher eukaryotes. It is also interesting that metazoans have at least two either a set9 ϩ or set9⌬ allele was performed. Whereas Crb2 foci were readily formed immediately after IR in phylogenetically distinct H4-K20 methyltransferases, the Suv4-h20 and PR-Set7/Set8 enzymes (Fang et al., the presence of Set9, in its absence, Crb2 foci formation was severally compromised (Figures 5D and 5E ). These and our results suggest that H2AX phosphorylation and H4-K20 methylation both function in the DNA damage checkpoint by regulating the binding of Crb2 to sites of DSBs in some fashion. Despite the similarities, several observations argue that H4-K20 methylation contributes to checkpoint control and Crb2 function in a manner that is mechanistically distinct from H2AX phosphorylation. First, the mono-, di-, and trimethylated H4-K20 residue is readily detectable during unperturbed cell growth (Figure 1) . Second, bulk levels of the modification do not show any significant increase after DNA damage or any apparent dependence upon checkpoint proteins (our unpublished data). Third, immunostaining indicates that trimethylated H4-K20 is distributed through much of the genome (Figure 2A) , and we have been unable to detect any significant changes in localization of the modification or the Set9 enzyme after DNA damage (our unpublished data). H2AX phosphorylation is also not significantly dependent upon methylation of H4-K20 ( Figure 5A ). Thus, unlike H2AX phosphorylation, H4-K20 methylation does not seem to function in a manner that requires specific relocalization to sites of DNA repair. This is consistent with the static nature of histone lysine methylation (Bannister et al., 2002) and suggests a novel mechanism by 
h4.2K20R gene remained. Loss of the H4-K20 epitope (Table 1) . Nine are of unchara set9Y220A allele similarly abolished H4-K20 methylaacterized function, while three, Set1, Set2, and Clr4, are tion ( Figure 1F ). Together, these results clearly indicate known to methylate H3-K4, H3-K36, and H3-K9, respecthat Set9 function is required for methylation of H4-tively (Sims et al. [2003] and our unpublished data). Like K20 in Schizosaccharomyces pombe. Although we have Clr4, three of these potential enzymes are related to been unable to demonstrate that Set9 directly methylproteins uniquely present in metazoans but not in budates H4-K20, such seems extremely likely, given the ding yeast. Immunoprecipitated TAP-tagged Set9 was data presented and the recent demonstration that the found to exhibit a methyltransferase activity toward Set9-related Suv4-20h1/2 proteins do indeed directly nucleosomal but not free histone H4 ( Figure 1A and data methylate H4-K20 (Schotta et al., 2004). not shown). Although reproducible, the Set9-associated activity was relatively modest, and it has not been possible to characterize its specificity in vitro. Regardless, Loss of H4-K20 Methylation Does Not Impair Gene Expression or Heterochromatin Function this initial observation identifies a novel fission yeast histone H4 methyltransferase activity.
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